Construction productivity has been and remains a concern of organizations and governments. Productivity is also a concern of individual projects. A recent survey of 50 international construction project controls professionals found limited support for the effectiveness of three well known project control systems: Earned Value Management (EVM), Building Information Modeling (BIM) and Location Based Management (LBM). Analysis of the data collected during semi-structured interviews highlights two important problems in both commercial and infrastructure projects. The study found that all organizations used one or more of these methodologies. However, each of the methodologies was considered effective only for some projects or some parts of those projects. It appears that a major reason for lack of effectiveness is that project team capability and capacity to implement the methodology effectively was variable. However, it may be that an even more important factor is linked to the ineffective implementation; lack of understanding the theory that underpins these types of project control methodologies. EVM, BIM and LBM are all systemic methodologies aimed at reduction of waste as a means to improve productivity, thus all require consistent project process: data collection, monitoring, reporting and forecasting for effective control.
Introduction
The purpose of this paper is to assist in the development of project management theory. The report is based on the findings of a sub-set from an exploratory study seeking identification of opportunities for increased systemic project productivity. While the study focuses on project level productivity, construction industry and sector level productivity has long been a focus for governments, industry and academia (Crawford and Vogl, 2006) . This interest is because construction is key to sustaining general economic activity in most countries. The call to improve construction industry productivity drives government strategies and targets to reduce the construction costs, because often governments are major clients for infrastructure construction (Kenley, 2014) .
However, perceived low levels of industry productivity, according to the research over the last 40 years, is primarily attributed to the uniqueness of projects. The concept of 'uniqueness' is consistently used as the explanation for the variability of both internal and external project inputs for the duration of a project (DelPico, 2013) . Thus much construction research has focused on individual projects as one option of improving industry productivity (Rozenes et al., 2006) .
Although most elements of the final built environment product (building, road or oil rig) do require unique solutions, over time, standard solutions have been developed that can be applied to many construction management problems. International and nation organizations such as the Project Management Institute and the Australian Institute of Project Management develop guidelines, definitions and methodologies to support the standardization efforts (Ma et al., 2014; Smyth and Morris, 2007) .
A significant coordinating feature of standardization is to set out processes that support ways to manage project management variability; in the literature and in practice it is referred to as 'control'. Controlling external and internal uncertainty is considered a major part of any construction project (Eastman et al., 2008) for the implied outcome of improving overall project productivity (Hanna, 2012) . Morris (2014) does not mention productivity in his listing of project management research contributions, but clearly practitioners have an alternative way of understanding the purpose of project control processes. It is to consider them as mechanisms aimed at improving productivity, that is, to limit the negative impact of the uncontrollable factors (Rozenes et al., 2006) .
The concept of productivity improvement implies that this improvement is possible through production efficiency, such as completing a project early. Thus a number of tools or methodologies for managing projects have been developed specifically to control internal construction project processes claiming productivity improvement as the outcome (Kenley and Seppänen, 2010; Eastman et al, 2008; Fleming and Koppelman, 2005) . The use of these types of project control systems means that it could be possible to increase industry productivity one organization or one project at a time.
However, an important finding of this exploratory interpretive study suggests that the problem of internal project variability that project control tools were meant to mediate, is also a problem that effects implementation of project control tools at the project level. This finding suggests extending project management theoretical applications for a more inclusive understanding of project control practice of commonly used systemic control tools and methodologies.
The balance of this report is organized: the next section concerns the difficulty of defining two concepts; project control and productivity improvement. The research design section has the argument for control to be considered a management skill as a precursor to details of the sample of experts. The next sub-section describes the exploratory interpretative method used to collect the data related to a sub-set of three research questions allied to production efficiency. The third sub-section provides a preliminary analysis of responses from 50 international construction project control professionals to the research questions. The project control section contains a more extensive discussion of three systemic project control mechanisms, BIM, EVM, and LBM. The three methodologies are presented in relation to the research findings and the literature queries, followed by concluding remarks.
Project Control
One of the major issues in the project control literature is the difficulty of defining control. This comes about because the project management research has a multiplicity of meanings for 'control'. Control is defined as a role, as a process, and as an outcome (Olawale and Sun, 2010) . Control is also discussed as a practice, a system and a problem (Isaac and Navon, 2014) .
The difficulty of agreeing on a commonly accepted definition may be because of the onerous number of skill-sets needed to measure, monitor, analyze, report and re-schedule projects. Ma et al. (2014) identified five top project manager skills, but control is not on their list. DelPico (2013) , on the other hand, writes that control is a fundamental managerial skill necessary for all project management roles. Thus, all construction managers need experience and knowledge of the purpose, function and processes of control within projects. This knowledge is embedded in project control tools and methodologies (Rozenes et al, 2006) . Therefore, in this report the term 'construction project control professionals' identifies managerial practitioners who all have experience with a range of types of construction projects and project control mechanisms (Leybourne and Sadler-Smith, 2006) .
In addition, the dynamic nature of a construction project (Bakry et al, 2014 ) is best understood from a systems perspective because improvement in productivity requires measures of more than one form of activity. The complex interaction between activities of construction projects involves factors such as work readiness, work flow reliability, materials logistics, etc. (Vanhoucke, 2012) . A systems view of productivity implies project management processes aligned to systems-based construction management methodology (Azimi et al., 2012) . Arguably the best known is Lean Construction. The fundamental concept of Lean Construction is production efficiency, defined as minimizing waste.
Thus, in this report the concept of control is defined as the application of a systemic project control system. The processes of project control, for the purposes of this report, are connected to the concept of production efficiency (for simplicity sake defined as reduction of waste). And improved project productivity is considered to be the expected outcome of a well implemented project control system (Isaac and Navon, 2014; Azimi et el., 2012; Hanna, 2012; Kenley and Seppänen, 2010; Olawale and Sun, 2010; Crawford and Vogl, 2006; Rozenes et al., 2006) The definitions for this report must be considered subjective (Creswell, 2014) , because during the data collection phase of the exploratory research specific definitions were not used nor requested from the 50 project control professionals who provided data that is the basis of this report. These constraints, should be taken as part of the continuum that is the search for ways and means to improve project productivity as a contribution to project management theory.
Research Design
The methodology for the explorative study is critical realism (Smyth and Morris, 2007) thus the research report provides descriptive explanations. An interpretative method of data collection and analysis supports the aggregation of the concepts and experiences of project managers as a solution to extensive variations attributed to individuals and organizations (Creswell, 2014; Tuuli et al., 2010) . Indeed contributing to project management theory is based on variation inclusion (Smyth and Morris, 2007) .
An important part of the research design is the application of the concept of control as a management skill. DelPico (2013, p.7) suggests that "The essence of any type of management is control. It is fundamental to project management; if one is to manage, one must control." If this is case, then all managers, general and specialist, are actually responsible for project control. This reasoning assists with aggregating data variability from the research participants and identifying them as a group of experts (Leybourne and SadlerSmith, 2006 ) based on their self-reported knowledge of control practices for construction projects. For the purposes of this report 'project control professionals' is an aggregate term established on the understanding of the limitations of categorization (Creswell, 2014) .
Three Production Efficiency Research Questions
If all managers are concerned with control, then it follows that all types of managers working on construction projects will be able to discuss issues of productivity because they are project control professionals. The best way to find out if this is true, is to ask people who are engaged in creating the built environment.
The answers to these three questions form the basis of this research report:
1. Which one area would you like automated to reduce your workload? 2. Does your organization aim to improve construction production efficiency? 3. What methods does your organization use to improve production efficiency?
Data were collected via personal semi-structured interviews concerning personal and organizational project management processes. The participants were recruited via a snowballing technique based on researcher industry networks. Common work-place and telephone interviews were augmented with opportunistic recruiting at project management conferences and industry meetings (Creswell, 2014) on three different continents and as many islands.
Using an interview based research protocol provided the opportunity for construction project control professionals to discuss productivity issues related to the three questions. All questions were presented with no definitions of productivity, control, efficiency or effectiveness. Expert opinion (Leybourne and Sadler-Smith, 2006) , not statistical significance, is the basis of the interpretive research method. Thus, description and implied effects, based on personal meanings developed through years of experience within the construction industry, organizations and construction projects, are self-defined.
This report provides the findings of a sub-set of three questions from a larger study. Three project control methodologies were identified as the most prevalent in a variety of organizations for the purpose of productivity improvement: Building Information Modeling (BIM), Earned Value Management (EVM) and Location-Based Management (LBM).
Research Sample
Fifty (50) construction project control professionals who work internationally were interviewed. The largest group, 66.0%, identified themselves as project managers (including specialists such as construction or engineering). The next largest group, 24.0%, is made up of planners or schedulers. Five of the sample, are clustered as miscellaneous because only one person in the sample used the identifier: Contracts Manager, Financial Manager, Legal Management, Risk Manager, Business Process Consultant.
Of this experienced group of professionals 56.0% have been working in the construction industry for more than 20 years and 36.0% have been in the industry between 11-19 years. Only 4 people have less than 10 years industry experience. The international nature of construction was evident from informal conversations about past projects.
The organizations that these professionals worked for all have capability and capacity to construct across of a spectrum of construction projects. Commercial structures account for construction activities of 78.0% of organizations. Some common commercial projects are: shopping centers, multi-story car parks, hospitals, schools and residential developments. Of the sample, 42.0% have experience of infrastructure projects such as: roads, rail, tunnels, and pipelines.
Just as the types of projects vary, so too does the average project value. For 13 (26.0%) of organizations, their projects are in the range of up to $99m. The largest organizational group, 21 (42.0%), contract projects valued between $100m and $999m. Sixteen (32.0%) organizations develop or provide services for projects that are valued at over $1b including a $56b mining complex and a $120b gas & oil pipeline.
Preliminary Analysis
A numeral analysis has been used to present a simplistic description (Creswell, 2014) of the variability of the data collected. Analysis of the information collected provides some answers to the three research questions posed above.
Which one area would reduce your workload if it was automated?
Nineteen or 38.0% of the construction project control managers wanted 'monitoring and control' activities automated to reduce their workload. This high number suggests that indeed, managing projects is by definition a project control activity.
On the other hand, years of project management experience means individuals development personal methods of project control. For example; "There is so much adjustment in work scope every year. So it still makes sense to use spreadsheets."
These 19 project managers all worked with one or more of the project control tools listed in Figure 1. 
Does your organization aim to improve construction production efficiency?
All interviewees answered this question. This implies that the entire sample, do indeed have the skills needed for project control. In addition during the interview there was no necessity to suggest a link between production efficiency and the processes of project control methodologies with the implied project productivity improvement outcome. All interviewees understood the implication of the concept.
Forty-two organizations use tools for project control that provide a common set for each project. In some cases the clients provide the tools and in other cases collaborative arrangements for data collection, analysis, reporting and forecasting are made for all or part of the project.
What was surprising that 8 people said that their organizations did not aim to improve efficiency! Only three managers gave reasons why their organizations did not seek to improve efficiency:
• "No, because costs are coming out of their pocket"
• "No, the current system provides what is required"
• "No, not looking due to cost constraints"
What methods does your organization use to improve production efficiency?
The study found six commonly used productivity methodologies were used by the majority of the organizations as Figure 1 shows. These six were also used on both commercial and infrastructure construction projects. Thirty-nine organizations commonly use two or more systems for project management efficiency. Twelve organizations also provided information about other types of systems they use. These can be classed as traditional (eg. Gantt Charts or constant review) or digital (eg. IPads). A number of organizations also add specialist software (eg. CrewLoading, Safety Design) to augment their LBM, BIM or EVM control systems.
Project Control Methodologies
As noted above, all interviewees understood the implication of the concept of the production efficiency link between the processes of project control methodologies and the productivity improvement outcome. Three project control methods developed from a systems perspective are the most commonly used by the organizations in this study. All but nine organizations use at least one of these methodologies: EVM, BIM and LBM. Of that sub-set, 38.1% use two and 23.8% use all three for project control.
The claims are that effective implementation of these control methodologies gives rise to improved project productivity outcomes. However, these claims have been questioned by academics as well as some of project control professionals in this study.
Figure 1. Six Common Construction Production Efficiency Tools

Earned Value Management (EVM)
Earned Value Management (EVM) is a project management system that monitors cost, schedule and technical performance (Fleming and Koppelman, 2005) . The system provides the means to calculate cost and schedule variances. A significant feature is the application of performance indices to forecast project cost and time. In this way progress and performance analysis outcomes indicate corrective action.
Earned value is seen as one way to measure construction output and thus the productivity of the project (Hanna, 2012) . A detailed Work Breakdown Structure (WBS) is considered a key part of an Earned Value Management system. The WBS provides the structure necessary to track project progress especially to assign completion to parts of the project. The ability to correctly determine the percentage of completed activities is fundamental for accuracy of the forecasts.
In order to implement an EVM system, data needs to be collected and organized throughout the project. It is therefore understandable that 38.0% of the construction project control managers in this study wanted 'monitoring and control' activities automated to reduce their workload (Isaac and Navon, 2014) .
Because, it takes time and resources to continuously monitor project productivity (Vandevoorde and Vanhoucke, 2006) , it has been used as a reason for not focusing on project productivity improvement. However, this was not the case with the construction project control managers in this sample. When asked how many hours per day they spent preparing reports: 22.5% said between 3 and 10 hours. The majority of the sample, 42.1% only spent one hour a day and 35.4% spent two hours daily.
Some controversy exists within the EVM literature concerning the breakdown level that is most appropriate for forecast metrics, at the cost account or higher level or at the level of the activity (Vandevoorde, and Vanhoucke, 2006) . Is it best to monitor and control through 'early warnings' at high levels of the WBS, or scheduling adjusted work along the critical path (Galloway, 2006) ? These types of basic implementation problems obviously prevent EVM becoming industry standard in the effort to improve industry productivity.
Building Information Modeling (BIM)
Building Information Modeling (BIM) is a 'set of interacting policies, processes and technologies that generates a methodology to manage' all the essential design and project information of construction projects (Lee et al., 2014, p.65) . This is possible because of the global effort to create the necessary open standards, processes and definitions (http://www.buildingsmart-tech.org/). These all support a real-time evaluation of productivity gains when using BIM to transfer and collect construction project information (Lu et al., 2014) . While, the jury is still out on the overall benefits for individual projects, one of the main reasons that governments and AEC professionals argue for BIM platformed projects, is the obvious benefit of the use of 3D models (Eastman et al., 2008) . Building objects used for design enables 'clash detection' or 'design resolution' for commercial projects. Productivity gains are possible if less waste caused by rework is prevented by the use of these BIM features (Eastman et al, 2008; Björnfot and Jongeling, 2007) .
As the interoperability issues of BIM are addressed (Amor and Dimyadi, 2010) , it can be assumed that support for BIM will continue to grow. Almost all of the organizations (42 out of 50) or 84.0% in our study use BIM to improve production efficiency for all or part of both commercial and infrastructure construction projects.
At the same time, organizations that use BIM, do not use BIM on all projects due to issues of both capacity and capability of all types of resources. Therefore it is not surprising that when asked "if BIM was effective on projects or for design resolution?", a variety of general and specific instances were described. However, over all, the assessment of the project control professionals in this study is not positive:
• "BIM is effective for project administration"
• "BIM is effective, but only on some projects"
• "BIM works reasonably well, but still only 50% effective on site"
Clearly, as a total system for project control, BIM is still a work in progress. However, the concern with productivity at the industry level suggests that continuing research into appropriate application of BIM at the project level will lead to growth of both capability and capacity within the industry (Lee et al, 2014; Lu et al., 2014) .
Location Based Management (LBM)
Location is the one characteristic that differentiates construction projects from other types of projects. Location is a major feature of each built environment structure: bridges, roads, rail lines, high-rises or wide-rise buildings.
All construction projects are 'location-oriented', with location being both implicit and explicit for all construction management endeavors. Indeed, Ibrahim et al. (2009) found that 'location' is a principle criterion used by Project Management practitioners for the design and decomposition of work breakdown structures for construction projects.
So it comes as no surprise that over half of the organizations, 52.0%, use Location Based Management (LBM) for project control. Location as the unit of analysis is at the heart of the LBM. Location enables all building data to be allocated to a data container that has meaning during construction. Effectively, location-based data allows performance to be reported at the level of location (eg. a room, zone, floor or chainage) for many functions, including cost, quality and time throughout a project. This provides precision in planning and progress reporting or control (Kenley and Seppänen, 2010) .
For example, with location-based scheduling, 'task' is the unit of control. In this way, the information about a task may be described once, then used in a hierarchy of locations. This type of location breakdown structure (LBS) can be used to replicate information efficiently (Kenley, 2004) , eliminating waste and improving project management productivity.
Of the identified project schedulers in the study, 75.0% work for organizations that use LBM for productivity improvement. At the same time only 13 project control professionals provide a positive evaluation of the effectiveness of LBM. The low positive response rate is definitely of concern. When asked if LBM was effective for project control, this reply suggests a problem with implementation: "Not at the workface, only 10% effective."
Developers of project control methodologies would argue that effective application of their tools must be based on the underlying systems perspective. Applying LBM as if a construction project was static rather than dynamic would probably result in it being considered "only 10% effective".
However, another response indicates a more fundamental problem, "LBM is not effective" because, the people using it "are not following the location philosophy". This statement appears to capture implementation issues related to all project control systems developed from systems theory (Morris, 2010) . If this is the case, then such project control tools will not become industry standard without significant capability and capacity building.
Conclusions
The purpose of this paper is to assist in the development of project management theory based on the findings of a sub-set of the larger study that is part of the search for ways and means to improve systemic project productivity. Project control is considered to be a necessary skill for all types of construction manager: project managers, contract managers, engineering managers and of course control managers. Fifty international construction project control professionals provided data for this exploratory interpretative study that focuses is on practice-related responses to three common project control methodologies.
Control has been identified as a contributing factor for project success. The project management literature is replete with models promising control of cost and duration, process models for more effective project delivery and software to support these research findings. However, consistent construction project control still remains elusive.
Controlling external and internal uncertainty is considered a major part of any construction project for the implied outcome of improving overall project productivity. According to the project control professionals interviewed, the majority of the organizations they work for are concerned with improving the project productivity. This is evident by current projects using one or more of three common systemic control mechanisms: Earned Value Management (EVM), Building Information Modeling (BIM), and Location-Based Management (LBM). However, the opinion of the majority of the very experienced managers is a lack of total effectiveness for each of these methodologies.
In other words, the problem of internal project variability that these project control tools are meant to mediate is also a problem that effects the implementation of these three common project control tools. Clearly the use of these tools requires additional capacity and capability to ensure project data collection, reporting, forecasting and re-scheduling to produce improved productivity.
This however, requires more than just up-skilling both within organizations and the industry. It also requires providing these skills based on a clear understanding of the under lying philosophy related the assumption that project productivity improvement (waste reduction and mitigation of variation) is the expected outcome of the process of project control.
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